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THE EFFECT OF DEAD RISE UPOF THE LOW-ANGLE TYPH
OF PORPOISIFG

By James H. Fenson and Lindsay J. Lina

SUKMARY

L)

Data pertaining to the forces nnd nmoments Geveloped
by V-bottom planing surfaces of different angles of dead
rise were ussd to compute the effect of the dead rise of
the forebody upon the lower trim linlt of stability of a
seaplane, the trim limit of stebllity being defined ss the
triz below whlok the seaplane 1s unstable., The results of
the calculatiors wore chscked experinentally, with very

8024 agreonent, by use of a simplified .model composed of a

planing .forebody and a tail plane Having a controllable
elovator. The calculations included thrae angles of dead
riso, ocach at ore speed and one load. The tests included
a wido range of spoeds ané loads likely to occur during
tho tako-ofif.or landing. Tho results indicated in every
caso that sn inoreasc 1n doad rise within the range inveg-
tigated (10° %0 30°) caused an important increase in the
lowor trim linit of stabillity.

The prosont investlgation also included toeste of a
model having a transvorso section incorporating chlne
flare and an abrupt incroase in dead risc at a point one-
third of tkhe bean outboard of the keol. This complox
soctionr proved o have very interesting.stabllity charac—
teristice at planing epeeds near the hump- where the lower
trin 1401t was not groatly affected by -load. Thess char-
actoristics aro in narked contrast to those of a sinple
V-bottomn and indicate that departures from thoe slimple
shape of transverse scotion may produce rosults that cen~
not safely boe predicted by assuning an equivaleant V-botton.

A survey of tho important variables involved in the
low-nngle type of porpoising 1s included to show the rela-
tion of the roesults of the prosent investigation to the
gonornl probdblon,



INTRODUCTION

- . A great doal of experimental work on porpoising of
models has beon done at. the NACA tank and elsewhere. Most
of the work has been concerned with speciflic dasigns for
military use and the information obtained has been re-
stricted in circulation, Oonsiderable information has
been accumulated to show the effects of modificatlons that
nay bo 1lacorporated.without great difficulty in an exisgt-
ing -dosign. Among the variables that have been investi~
&rtod aro doptk and plan form of the step, the momeont of
inertia, and the longitudinal position of the center of
gravity. The reeults of the investigations in general
have indicated tkat the effects of the adove variables are
not great within the ranges that were inoluded in modify-
ing especific deslgne. The restriction of moet of the work
to congiferation of specific designs has limited the in-
vestigations. and 1t appears that tho offect of dead rise
has not boen included. .

Reforenco 1 presonts an adaptation of the conventional
methods of stablility analyeis to the phenomonon of por-
Polsing; simplificd cquations for the 11ft and momeant of a
flat planing surface and for two surfaces in tandom are
used for calculating the stabllity derivatives. ZRefsrence
2 describes methods of computing the stabllity derivatives
from the results of tank tosts of a model. Reference 3
describes a method of invostigating the phenomenon of low~
angle porpoising by use of a simple apparatus including a
8ingle planing surface with tall plane,

The present report presents results showing the effect
of dead ‘rise as computed by methods similar to those de-
scribed in references 1 and 2. The results of tests wsing
the method and apparatus described in reference 3 are also
presented and compared with the results of the computationsa.
The computations wore made for three angles of dead rise ab
one load and one speed. The tests include a wide range of
loads and spoeds representing the range between tho hump
speed and the get-away speed of a flying doat.

CALCULATIOR OF THE EFFECT OF DEAD RISE ON STABILITY

Phaory.~ A celoulation 0% the effect of dead rise on
stability wvas made on the basis of the analydls developed
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by Perring and Glanert (reforonce 1) in an adaptation of

tae methods customarily enployed in the analyele of the lon--
gltudinal stability of an alrvlane in flight. Perring and
Glauert demonstrated that valid results ney be obtained 1if
the forv-and-sft oscillations are neglected ani the sea~-
Plane is consldered to be a system having two degrees of _
freedod: mnamely, freedon in rise and freedom in trim about
the center of gravity. Tke derivatives of order higher

than 1 are neglected and the equations of motion referred

to unit mass and unit moment of inertias are

Nz = Zyhs + Lgs + ZoA0 + Zg6
B0 = K, A2 + Mgz + HoAQ + Hgl

2 distance along CZ axis, positive downward

e angle of trim atout laterel axls, positive when bow
1s olevated

v vertlical velocity, %f

] angular veloclty, 46

at \
7 force (per unit mess) along 0% azis
¥ monont (per unit moment of inertia about centor of
grevity)
A used for operator 4
at
7. = 9%
v ow
M = O¥
z 0%

Etc. fOI' Zz, Zq. Ze| Hw. Hq| and Heo

The axes are taken as right hand and are fixed rela-
tive to tho water surface, moving with the soaplans and
with the origin at the center of gravity of tho seaplano
whon thoero 1s no porpoising oscillation.

¥rom tko two equations of motion the stadillity equa~-
tion 1s dorived ia 1%s usual form
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A° +BN® + 0N + DA +E =0
vhere

A =1

B = (%, + Hq)

0 = -(2, + He - zwuq + zqu“)
D= Zqu - Zqﬂz + ZyMg - Zeyw

The gystem 1s stable if A, B, C, D, B, and B are positive,
B Yeing Routh'!s disoriminant and equal %o )

BCD - AD? . B%3 )
.Bvaluption of the derivatives.~ Beference 4 was used

as the source of data in the evaluation of the hydrody-
namic components of the derivatives for 10°, 80°, and 30° . /
dead rise. The computations were carried out as desoribed.
in reference 2 except that the effeect of Froude's number

¥/J/ gb was neglected. Neglecting this effect appeared
Juetifled because plots of the planing coefficiont

~————— agalnet the dreft and of the resistance coefflclont
Lov7%y° '

2 . .

2 agalngt the draft resulted in curves that appeared
dov?p® :

2

practical ly independent of the epeed over the range appli-
cable to the calculations. The symbols in these expres-
slons are deflined as follows:

A load on planing surface - . -
R resistance

p density of water
v speed

b bean

L3l < Fy o AT
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Drafts were computed from wetted lengths in preference to
the use of values for the draft tabulated in reference 4,
Using values of the wetted longth appeared advisable be-
cause snrges in a towing basin may cause erratlc readings
and may also introduce a systematic error in the usual
method of measuring draft with reference to some point on
the towlng carriage.

From the plots mentloned and from plots of the loca-
tion of the center of preseuro as a function of draft and
trim, togothor with cross plots derived from them, the
values of the derlvativos wore obtained in the usual way
from the slovos of tko curves. The caloulations were car-~
ried out for the one combinatlion of epood, load, momont of
inortia, and location of the conter of gravity notod in
table I.” ‘The calculatlions were for the systom with tell
but without wing and also for the system with both wing
and tall, Tao offoct of the wing was investigated 1ln order
to seo 1f sufficlont accuracy 1s to bo expected in using a
simplifiod oxperimantal sot-up in which the wing 1s absent,

Rogulte of tho osleulationg.- The values of tho sta-
bility doerivatives, tho torms in tho discriminant equation,
and Routh’s discriminant erro ligted in table I, The values
are for unit mags and unit moment of inertia and are dimen-
sionel, 4involving forces and moments acting on a planing
surface with a beam of 1.33 feet at & sneed of 40 feet per
second., Dimensional values were uged to facilitate com-
parison directly with results obtained during the sxperi-
mental work with a model having the same bean.

The values of Routh's discriminant for each angle of
dend rise are plotted agninst trim in figure 1., The plotsa
include results for the planing surfrce with wing and tall
and also for the planing surface with the tall alone. The
wing appoars to have very little effect upon the trim at
which Routh's diedririnant passes tkhrough gero. An exami-
nation of tablo I shows that A, B, O, D, and E are all
‘positive vhen Routh's discriminant is near gero, and thab
it 1s thoe discriminant in ocach of those caees that indi-
catos whother the system is stable or unstabdle.

The results indlcate that an increase in anglo of _,
dead rise from 10° to 30° causes an incresse of about 43
in tho trim at which R passes through =zoro (fig. 1),
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EXPERIMENTAL IHBVESTIGATION

Models

Figure 2 shows a skotch of the apparatus and shows’
the shapo of the transvorse sectlon of tho bottom of ocach
of the models designatod A, B, O, and D. MNodel B is tho
sare as that used in the tests described in refoerence 3.
The keel of each of the four models 1s sbtraight for a dis-~
tance of 36 inches forward of the trailing edge, the beanm
of each is 16 inches, and the over-all length 1s 48 inches.
Bach model was fitted with a tail plane of NAUA 0015 sec-
tion of rectangular plan form and with a span of 41 inches,
The chord of the stabiliger was 6% inches and that of the
elevator 5% inches, The moment arm of the tail plane was
approximately 48 inches.

Test Procedurq

. The test procedure was practically the same as that
described in reference 3. The model was towed at the low-
water level in the NACA tank., Runs were made at constant
spood anl with fixod loads on the water, while the trim of
the model was adJjusted by means of the elevator. In the
prosont teste the method of establishing tho critlcal trim
vas practically the same as that described in reference 3.

Ag -defined in reference 3, the critical trim 4is that
value of the trim separating the stable range from the un-~
stable range of trim, the upper range being the stabdle
one, Fgr each test point, the bow of the model was ralsed
about 3  and released, If regular osclillations followed,
the trim was gssumed to be below the critical value, If
the oscillations of the model decayed to zero in a few.
cycles, the trim was considered to be above the critical
value, Points definitely above and below the criticel
value, separated by as small a range as appearod practlcal,
ware ostablished and the critical trim was assumed to Dbe
the moan betwoen tho two valwes. Oheck tests of the crit-
ical trim by indepondent obsorvorgousually produced re-
sults dlffering dy not more than-§ ’ * -

Results

Regults of the tesﬁs of the four planing models are

T TR T e T TR AT T T
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oreasented in figure 3 showing the varlation of eritical

trim with speed for loads of 40, 60, 80, and 100 pounds.
In coefficlient form these loads are, respectively, 0,26,
0.3¢, 0,62, and 0,65, the load coefficient being defined
by the formula

Cp = A/wb®

where w, the specific weight of water in the tank, is
63.4 pounds Yer cuvic foot and b, the beam of the model,
s 1.33 feet. The rass of the model including all coun-
terwelights was 4.8 sluge, correspounding to a gross load
coefficient of 0.9%, and the radins of gyration was 1.33
feset for the results shown in figures 3 and 4. The present
tostes 4id natt Include extersive varlations of gross weilght,
radius of gyratlon, or location of the center of gravity.
Reference 3 describes the effoct of these variebles for an
angle of dead rise of 223° and shows that the radius of gy~
ration is the only one nf thae three variables that appears
to be very important in determining the oritical trim,

The ¢onclusion in reference 5, that decreasing the radius
of gyretion cansed an increase 1in the oritical trim, was
chocked qualitatively during the vresent teste dy obtaln-
ing the critical trim in the usual ‘ranner and then increas-
ing by about 100 perco .t the mass moving vertically with-
out changlng the epeed or loed on the water. Bach of the
three models having a simple V-bottom invariadbly showed an
increasc in the coritical trim.

Tho anomslouns results obtalnod with planing model D
at speods from 24 to 34 feat por eecond wero investigated
vith congiderabla intorest. Intersection of some of tho
curves shown in figure 3(d) wes unmistakably establishod.
¥or instance, at 30 feot per second the trim of the model
was adjusted to be slightly but definitely adbove the crit-
l1cal value for a load of 100 pounds. With the model run~
ning stadly, the load wes reduced to 69 pounde and por-
poising followed.

DISCUSSION

Oomparison of calculated with experimental regulis.-
In figure 5(c) tne dashed curve shows tke variation of
critical trim with angle of dead rise as calculated. The
calculated curve is in very good agreement with the ex-
perimentel results. The agreement appears sufficiently
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good to Justify further use of the data in table I for cal-
culatlong to skbow the offect of other variables, such as
tho radiuvs of gyration and the location of the center of
gravity, in combinntic.. wvith the effect of dead rise. -

Experimontal results.~ The falred curves of figuroe 3
wore usod to obtain ths comparisons in figures 4 and 5
showing the effect of dead rise for the three simple V-
bottoms. The increase of critical trim with increase of
dead rise is definilte And rather large for all loads and
spoeds included. For examplo, figure 5(b) shows that with
a load of 60 pounds at 30 feet per second an increase in
angle of dead rise from 15° to 30° causes an increase in
sritical trim from about 5.3° to 9.4°. The 'magnitude of
the effect of dend rise 1s interesting in view of the many
Parameters that have no important effect upon the lower

limit of porvoising of a seaplans.

Heretofore the selection of the angle of dead rige
has been influenced malnly by consideration of its effect

‘upon rosistance, spray, and impact pressures. - To these

congiderations must now be added the effect of dead rise
upon stability. A consideratlon of the effect of dead
rise npon the porpolsing characteristics of a complete
seaplano should, of course, take into account the effect
upon tho upper 1limit and upon skipping. ¥o information
appears to be avallable at present regarding the effect of
doad riso upon the upper limit of stadbility.

kK, 5. M, Davideon and F. ¥W. §. Locke of Stevens In-.’
stitute of Technology have used plots (resulis of un~
publishod tosts made i the exporimental towing tank at
Stovens Institnto) of the lower trim limit of stability

against lp T3 in vhich the data obtalned at Btevens
v .

Instituto for several dilfferent loads fell rather close

to a single curve. Similar plotse of the data obtalned in

the prosent tests of DPlaning surfaces are shown in fligure

6. The data for nodels A and B show relatively small var-

iations with load. For rodele O and D the variations are

sonovhat greater,

A partlial explanation of the result that the effect
of load appenrs to be small mey be obtained by a consgider-
ation of the methods used in the present revort for calcu-
lating the effect of dead rise on gtadbility. The deriva-
tives were caloulated by using the concept of a planing
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coefficient that noeglects the effect of Froude's number.
This procoduroc of neglecting Froude's law of comparison 1s
froquently employed in the analysis of planing phenomona
and implios that a given configuration of trim, draft,

A

boam, and doad riso results in a singlo value for ——.
L,v73p3
Fi

Likowlso, thoro i1s a single valuo of i;;;;s and also of
3

tho_position of the center of pressure. Thus, 1f the ratio
A/v 1s held constant, variations in A and V result in
variations of B dut do rot vary e‘ther the retic R/V®

or the position of the ocenter of pressure. Accordingly,
for a constant valuae of A/Ta, a varlation in the load af-
fects all tho derivatives by some constant factor and does
not affect the slgn of any of the terms in the discriml-
nant equation or the sizn of Routh's discriminant. If the
assumptlons were correct, the plots of figure 6 would be
independent of load for the three V-bottom models. The
coaperatively small offecte of the load shown do indlecate,
that tho assumptions werc good approximations,

SUEVSEY OF TEE GREFERAL PEOBLEN

" As a convonience in showing the rélation of the re-
sults of the prosent invostigation to the genoral prodlem
of porpoising, an outlino of some of the moro important
variables 1s given:

I. Tactore variablo during a take-~off or landing
A, ©Spced

B, Hydrodynsmic load (gross weight minus aerody-
namic 1ift) '

¢, Trim .
II. Variables in the ‘configuration of the alrplane
A, Asrodynanmic

"1, Lift, affected maigly by
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a. ¥Ying area

b. ©Slope of 1lift curve and stall
angle

c. Angle of wing setting

2. Damping in angular velocity. affected
malnly. by -

a. Pall area
b, Tall leangth

3., Damping in vertical velooity, affeoted
mainly dy slope of 11ft curve

B. Hydrodynamic

1., neéd rise and shape of transverse sec-
tion

2, Plan form of trailiné edge of forebody

4., Longltudinal ocurvature of forebody

0., Inertial
1, Total mass
2. Moment of inertia
3. Location of ocenter of gravity

This outline relates only to the low-angle type of
porpoliasing that doos not involve the afterbody. The
longth of the forebody 1s assumed to bo sufficient to pre-
vent the bow from entering the water. The offects of
spood, load, and trim are well known, at least in a qual-
ltatlive way. An increasc ln spced, a decrease ian load,
or an increaso in trim all tend to decrease the probabili-
ty of porpolsing.

An increaso in aorodynanic damping in pltch may re-
dute tho probablility of porpoising, although an lncreaso
in this danmping boyond a coertain polnt may have no praoti-.
cal valuo in roduoing porpolsing and may, in fact, De un-.
doslradle. Porring and Glauert (referonco 1) showed that
if no aerodynamic damping were present, porpoising defi-
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nitely would be more probedble., The result of Ferring and
Glavert!sz analyeis has been amply verified experimentally.
Unpublished results of tests made by Davidson and Locke of
Stovens Institute of Technolozy showed the effect of vary-
ing the tall damping from gero to twlice the designed value
on o model of a large flying boat. They showed very lit-
tle effect at speeds near the. hbump, At speeds near get~
avay an lncrease in damping from szoro to the deeigned

value reduced the lower limii from 4, 5° to 1,6°. Further
increaso in the damping to twice tho desligned value re-
duced tne lower limit by an mdditlonal amount of oanly about
0.3°. These results are in ngreemant with the results de-
seribed in reference 3, wherein it .wae concluded that when
the tall area was donbled there was no very important ef-
fect upon the lower limit. The tests desorided in refer-
ence 3 included s further coansideration of tall area in

an inveatigatlion of its effect upon the amplitude of por-
polsing that occurs when the trim falls below the lower
limit, The amplitude of the porpoising was found to be in-
ocreacsed somewhat when the tall area was increased. Thus,
1t appeoars that an increase in tall srea may not necessaril-
ly bo of any advantage in reducing porpoising,

The effoot of wing damping was considered in refer-
ence 3. The effect 1s confined mainly to the derlvative .

Zw and wes found to be not very lmportant. In the tests

apt Stevens Institute referred to, Daridson and Locke found
no effect from increasing the aerodynamic component of 2

from the deslgned .value to about twice that value.

The offects of many variations in the plan form of
the trailing edge (step) have boen investigated at NACA
tank no. 1. The effocts upon the lower limit have besa
gonerally very small, 3Brief tosts of one planing surface
and of ong complets rodel of a flying bont having an elon-
gated form in which the chlnes weroc falrod into a pointed
stop skowed some incroase in the lower trim limit of sta-

Fo information appears to be avallable regarding the
effoct of longitudinal curvature of the forebody upon por-
poising, An indication of the effect of thls wvarlabdle
should bo predictable from calculations of the type preo-
sentod in the prosent report. Data for calculating the
valuos of the dorivatives may bo obtalned from reference 5,

Investigatione of the effocts of mass, moment of in-

4
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ertia, and center of gravity have been comparatively numer-
ous. Smell changes 1n mass and moment of inertia (on the
order of %235 percent) appeared to have negligible effects.
Referenoce 3 shows that changes in the radius of gyration

(/ I/¥), on the order of a BO-peroent decrease or a 100-

percent increase, may hove very important effects upon
both the lower limit and the amplitude of porpoising. The
largor redius of gyration appeared desirablc and posesibly
accounted, at least in part, for the fact that float ssa-
planes gonerally oxhibit less severs porpoising than fly-
ing boatse.

Many efforts have been made to improye the porpoising
characteristics of a seaplane by moving the center of grav-
1ty (for example, see references 6 and 7). The principal
effect-1n the case of a complete airplane appeared to be
that resulting from the change obtailned in the range of
trim avallable. ZReference 3 indicated that there was only
a relatlively small and unimportant effoect upon the lower
linit of stability.

When the results of the information outlined above
are summpgrized, only two varliables in configuration appear
knovn to be of much -importance in determining the lower
trinm 1limit of stability of A seaplane: namely, the radius
of gyration and the shape of the transverse section,

* Tho ‘conflicting requirements of low reslsestance during
Planing and of an easy entry on impact lead to compromigces
by the dosigner of a seaplane in selecting -the dead risc.
Humerous gomplex shapes including fluted bottomg and bot-~
toms similar in shapoe to that of planing model D have ap-
peared to many desligners to offer some advantages over a
simple V-~bottom with ohine flare. The results obtained in
the tests of model D indicate that the lower 1limit of sta-
bllity mey not be accurately predicted by assuming it to
be sgquivalent to some average value of the dead rise. The
anomalous behavior of model D over a narrow speed range
above the hump also indicates that a complex form may o6f-
fer some advantages as a compromise by roducing the probd-
ablllity of lov-angle porpolsing for a heavy load at spoeds
in the lower ond of the planing range, wharo low-angle
porpoising froquently ococurs in conventional designs, A4t
spoods below this range the afterbody ordinarily bocomes
involvod, and in many cases at highor speeds the probabdil-
ity of tho low-anglo typo of porpoising is remote.
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COXCLUSIONS

Tho effect of flead rise on the stabllity characteris-
tics of a complete seaplane should teke into account the
higzh~angle type of porpoising and skipping. ¥No lnforma-
tion appears to be available at present regarding the ef-
fect of dead rlse upon types of porpolsing that involve
the afterbody.

The following conclusions obtained in an investiga-
tion of the simplified system composed of a tall plane
and planing surface are believed %o apply to a complete
seaplane when planing on the forebody: '

1, Increass 8f the anglo of dead rise withln the
range of 10° to 30° causes an important increase in the
lowor limit of stabllity. )

2. Transverse sections of the forebody having com-
plex shapes (for examplo, » fluted shape) may produce
anomalous results that may not be accuratoly predicted by
assuming an oquivalent V-bottom.

Langley #Hemorial Aoronautical Laboratory,
National Adviesory Oommittee for Aeronautics,
Langley Fileld, Va,
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TABLE X
VALUES OF YNX STABILYTY DERIVATIVES AND THE OOEPPICIENTS IN THE STABTLITY BQUATION
POR PLANING SURFAQES HAVING TNRAR DIFFERENT ANGLES OF DRAD RISE
Ppnd. 40 fpa (Oy = 8.11); load, 60 1b (0p § 0.40)3 besm, 1.35 £ty mss, 5.0 slvgs
dggll.m)zmtotm, 5.2 slug- ;murotmaol.u above -
1 0.32 bean forward T.E.3 tail ares, 3.47 sq ft; nput ra of tall plane, 3.43
tall arm, 3.83 ft; the value of A is unmity
Aero- Coefficients in
m-’ Stability derivatives dynsmio| stability egquation Routh's
of stras- l unmt,l
(dag) | derivatives z.—l | = 7Y Zq | Nz| M | 7 Mg | ture B ro l!i B R B
| Desad rise, 10° !
] |
' g -264| -4 -analaal:m 2.9801-117.9] 3.38 II.MJ ' ' : ‘
Eydrodynamio . . 980} -117.
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Sisrodynamic components of derivatives are the ssna for all angles of trim snd dsad rise.
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